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Cortical and Brainstem-Type Lewy Bodies Are
Immunoreactive for the Cyclin-Dependent
Kinase 5

Jean-Pierre Brion and Anne-Marie Couck
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The immunoreactivity of cortical and brainstem-
type Lewy bodies has been investigated with an-
tibodies to the cyclin-dependent kinase 5 (cdk5),
to the extracelular regulated kinase I (ERK-)),
and to the cdc2p34 kinase and with antibodies
specificfor phosphorylation epitopes typical of
paired helical filament-tau (PHF-tau). Both cor-
tical and brainstem-type Lewy bodies in diffuse
Lewy body disease and brainstem-type Lewy bod-
ies in Parkinson's disease werefound to be im-
munoreactive for cdk5 but not for cdc2p34 or
ERK-1 or with the PHF-tau antibodies. Double
immunolabeling showed that cdk5-positive Lewy
bodies were also ubiquitin immunoreactive and
that cdk5 antibodies labeled as many Lewy bod-
ies as ubiquitin antibodies in adequately fixed
tissue. The cdk5 immunoreactivity of Lewy bod-
ies was abolished by preabsorption of the anti-
body with a cdk5peptide. The antibodies to cdk5
labeled a single 33-kd species on Western blots of
human brain homogenates, with a similar inten-
sity in control, diffuse Lewy body disease, and
Alzheimer's disease, and this cdk5 species was
found mainly in the particulatefraction ofbrain
homogenates. This observation suggests that
cdk5 might be a protein kinase involved in the
phosphorylation of a molecular component of
Lewy bodies, for example, neurofilament pro-
teins known to be present in these inclusions.
(AmJ Pathol 1995, 147:1465-14 76)

distribution of Lewy bodies has been described in
the diffuse Lewy body disease (DLBD), a dementing
condition in which numerous Lewy bodies are found
in cortical areas. Abundant cortical Lewy bodies can
exist in the absence or in the presence of neurofibril-
lary tangles and/or senile plaques, the neuropatho-
logical lesions of Alzheimer's disease. There is not
yet general agreement as to the relationship be-
tween these conditions. They might represent a
spectrum of diseases with Lewy bodies, constitute
separate entities, or be related to Alzheimer's
disease.1 ,-7

Brainstem-type Lewy bodies consist of a dense
core composed of granular or vesicular material,
surrounded by a less dense peripheral zone and an
outer pale halo. Lewy bodies contain filaments, re-
sembling intermediate filaments, randomly arranged
throughout the whole structure.89 The cortical Lewy
bodies show some structural differences with typical
Lewy bodies found in the substantia nigra and other
brainstem nuclei; ie, they show a more uniform struc-
ture with a less marked demarcation between central
and peripheral regions.

Lewy bodies have been repeatedly reported to be
labeled by antibodies to neurofilament.10-15 Exten-
sive epitope mapping studies have indicated that the
different domains of each neurofilament subunit are
present in Lewy bodies and are the main building
blocks of their filamentous component.816 Lewy
bodies are also systematically labeled by antibodies
to ubiquitin.141517-20 These observations have sug-
gested that Lewy bodies are composed of ubiquiti-
nated neurofilaments. Lewy bodies have been re-
ported to be immunoreactive with other cytoskeletal
and noncytoskeletal molecules (for reviews, see

Lewy bodies are eosinophilic neuronal inclusions
first described in pigmented neurons in idiopathic
Parkinson's disease. Lewy bodies are now known to
occur in several neurodegenerative diseases and in
a variety of sites in the nervous system.1-3 A wide
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Refs. 2, 3, and 21), although these labelings are

often inconsistent or concern only a proportion of
Lewy bodies.

Several of the neurofilament antibodies that label
perikaryotic Lewy bodies recognize phosphorylated
epitopes.12'15'22 Neurofilaments in perikarya are

poorly phosphorylated in most neurons of the central
nervous system in normal conditions. On the con-

trary, an accumulation of phosphorylated neurofila-
ments in perikarya is observed in several neurode-
generative conditions in humans and animals.23 This
suggests that structural components of Lewy bodies
might be subject to aberrant phosphorylation phe-
nomena and that phosphorylation might play a role in
their formation. Little information, however, is avail-
able on the nature of protein kinases involved in the
generation of phosphorylated epitopes in Lewy bod-
ies. In this study, we have investigated by immuno-
cytochemistry the expression of selected protein ki-
nases in neurons containing Lewy bodies.

Materials and Methods

Tissue Samples
Tissue blocks including the hippocampus and the
adjacent parahippocampal gyrus were taken at au-

topsy from two normal subjects (71 and 75 years),
from two patients with DLBD (60 and 70 years), two
patients with idiopathic Parkinson's disease (65 and
70 years), and two patients with Alzheimer's disease
(84 and 91 years). The tissue samples were fixed in
10% formalin for 2 weeks or in methacarn (methanol:
acetic acid:chloroform, 6:1:1 volumes) for 48 hours,
embedded in paraffin, and cut on a microtome in
tissue sections with a thickness of 10 ,um. The pa-
tients with DLBD had numerous cortical Lewy bodies
in the fronto-temporal cortex, and brainstem-type
Lewy bodies in the substantia nigra and the locus
coeruleus. In one DLBD patient, rare neurofibrillary
tangles and a few senile plaques were present in the
cortical samples. The other DLBD patient had a

moderate number of neurofibrillary tangles in the
cerebral cortex, numerous neuropil threads, and a

few senile plaques. The two patients with Alzheimer's
disease had numerous and widespread neurofibril-
lary tangles in the cortex and fulfilled the criteria of
stages V to VI according to the neuropathological
stageing of Braak and Braak.24 The patients with
Parkinson's disease had numerous Lewy bodies in

pigmented neurons in the substantia nigra and in the
locus coeruleus and showed loss of pigmented neu-

rons, extracellular pigments, and macrophages
loaded with neuromelanin pigments.

Antibodies
The two antibodies to cyclin-dependent kinase 5
(cdk5) were purchased from Santa Cruz Biotechnol-
ogy, Santa Cruz, CA (C-8 and H-291). These anti-
bodies are affinity-purified rabbit immunoglobulins G
(IgGs). The C-8 antibody was raised to a synthetic
peptide (YFSDFCPP) corresponding to the last eight
amino acid residues at the carboxy terminus of cdk5,
and the H-291 antibody was raised to a fusion pro-
tein containing the full length human cdk5. The anti-
bodies to extracellular-regulated kinase 1 (ERK-1)
(Santa Cruz, C-16) are affinity-purified rabbit poly-
clonal antibodies raised to a synthetic peptide cor-
responding to an amino acid sequence in the car-

boxy terminus of ERK-1. The antibody to cdc2p34
(Santa Cruz, clone 17) is a mouse monoclonal anti-
body raised to recombinant cdc2p34. This antibody
has previously been shown to label immature neuro-
nal cells in proliferative layers of the developing
brain.25 The mouse monoclonal anti-ubiquitin anti-
body (MAb 1510, raised to ubiquitin covalently cou-
pled to keyhole limpet hemocyanin) was purchased
from Chemicon (Temecula, CA); this antibody has
previously been shown to label Lewy bodies.8 The
mouse monoclonal antibodies AT8, AT180, and
AT270 (kindly supplied by Innogenetics, Ghent, Bel-
gium) were raised to paired helical filaments-tau
(PHF-tau) and recognize specific sites on the tau
molecule in a phosphorylation-dependent manner;
ie, their reactivity with tau proteins is dependent on

the phosphorylation of Ser202 (AT8), Thr231
(AT180), and Thr`181 (AT270).2627

Immunocytochemistry
For single immunolabeling, tissue sections were im-
munolabeled with the peroxidase-antiperoxidase
method with diaminobenzidine for chromogen, as

previously reported.28 The antibodies were used at
the following concentrations: anti-cdk5, 2 ,ug/ml; an-

ti-ERK-1, 0.5 ,ug/ml; cdc2p34, 10 jug/ml; AT8, 0.5
p,g/ml; AT270, 0.5 jig/ml; or at the following dilutions:
AT180, 1/1000; anti-ubiquitin, 1/1000. The immuno-
labeling of tissue sections with these antibodies was

Figure 1. Double immunolabeling (temporal cortex) in DLBD with the C-8 antibody to cdk5 (A and D) and the anti-ubiquitin antibody (B and C).
The same tissue sections were double labeled by the two antibodies either simultaneously (A and B) or sequentially (C and D). The same cortical Lewy
bodies (eg, arrows in A and B) are labeled by both antibodies. Arrowheads in B point on autofluorescent lipofuscin granules. Scale bar, 25 inm.
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also tested after pretreatment for 10 minutes at 37°C
with trypsin (400 jig/ml in 0.05 mol/L Tris-HCI, pH
7.6, 0.3 mol/L NaCI, 0.02 mol/L CaCO2).

Double Immunohistochemical Staining
Some sections were double immunolabeled with the
C-8 antibody to cdk5 in association with the mouse
monoclonal antibody to ubiquitin. Sections were first
incubated with the monoclonal antibody to ubiquitin
and were then sequentially incubated with a donkey
anti-rabbit antibody conjugated to biotin (Amersham,
Arlington Heights, IL; diluted 1/100) and streptavidin
conjugated to fluoroscein isothiocyanate (Amer-
sham; diluted 1/50). Sections were mounted in gel-
vatol and viewed under epi-illumination in a Zeiss
Axioplan microscope, photographed, unmounted,
and then immunolabeled with the antibody to cdk5
by the peroxidase-anti-peroxidase method. In an-
other set of experiments, tissue sections were first
labeled with the anti-ubiquitin antibody (peroxidase-
anti-peroxidase method), revealed with a-chlo-
ronaphthol, photographed, and unmounted. The
a-choronaphthol polymerization product was then
dissolved in alcohol and antibodies were subse-
quently eluted from the tissue sections by treatment
for 1 hour with 0.1 mol/L glycine, pH 2.2. The tissue
sections were labeled with the anti-cdk5 antibody by
the same peroxidase-anti-peroxidase method.

Molecular Specificity of the cdk5 Antibodies
The specificity of the cdk5 immunolabeling was con-
trolled by preabsorbing the C-8 antibody to cdk5
with the synthetic peptide used for generating this
antibody; 2 ,ug of antibodies were absorbed over-
night at 40C with 10 jug of the peptide and the ab-
sorbed antibodies were used for immunolabeling of
tissue sections. To test for a potential cross-reactivity
with ubiquitin, 2 jig of antibodies to cdk5 were ab-
sorbed with up to 200 ,ug of ubiquitin from bovine red
blood cells (Sigma Chemical Co., St. Louis, MO). As
a control, the diluted anti-ubiquitin antibody was ab-
sorbed with the same quantity of ubiquitin. Control
sections were also immunolabeled with the IgG frac-
tion (2 jig/ml) of a nonimmune rabbit serum instead
of antibodies to cdk5. These IgGs were purified from
serum by chromatography on diethylaminoethyl
(DEAE Affi-Gel blue, Bio-Rad Laboratories, Rich-
mond, CA). Fractions collected from the column
were analyzed by sodium dodecyl sulfate polyacryl-
amide gel electrophoresis and pooled.

A search for potential sequence homology be-
tween the cdk5 peptide and other molecules was
performed using the data bases PDB, SwissProt,
PIR, SPUpdate, GPUpdate, and GenePept. A com-
plete homology was observed between this peptide
and an identical sequence present in human, bo-
vine, and rat cdk5, in the 33-kd subunit of tau protein
kinase 11, and in a gene product of Caenorhabditis
elegans; no other homologies were identified.

Western Blotting
Human brain extracts from a control subject, a pa-
tient with DLBD, and a patient with Alzheimer's dis-
ease were prepared by homogenizing tissue sam-
ples from the frontal cortex (0.5 g/ml) on ice in 50
mmol/L Tris-HCI, pH 7.4, 0.1 mol/L NaCI, 10 mmol/L
EDTA, 1 mmol/L phenymethylsulfonylfluoride, 25
,ug/ml leupeptin, and 25 ,tg/ml pepstatin. The homo-
genates were centrifuged for 30 minutes at 27,000 x
g (4°C) and the supernatants (S1) and pellets (P1)
were retained and kept at -200C. Protein concen-
trations were determined by the method of Bradford.
The samples were analyzed by electrophoresis on
10% polyacrylamide gels in the presence of sodium
dodecyl sulfate. After the electrophoresis, proteins
were electrophoretically transferred on nitrocellulose
sheets with a semi-dry electroblotter (Ancos, Den-
mark). For Western blotting, the nitrocellulose sheets
were blocked in semi-fat dry milk (10% w/v) and
incubated successively with the antibodies to cdk5,
a donkey anti-rabbit antibody conjugated to biotin,
and streptavidin conjugated to alkaline phos-
phatase. The alkaline phosphatase activity was de-
tected with nitroblue tetrazolium and 5-bromo-4-
chloro-3-indolyl phosphate.

Results

Lewy Bodies Are Labeled with Anti-cdk5
but Not with Anti-ERK- 1 orAnti-cdc2p34
Antibodies
In DLBD, numerous cortical Lewy bodies were ob-
served to be intensely labeled by the C-8 antibody to
cdk5 (Figure 1, A and D, and Figure 2A). This anti-
body to cdk5 labeled cortical Lewy bodies in a ho-
mogeneous manner, ie, without a distinction be-
tween a core and a periphery. Although many of
these cdk5-positive Lewy bodies had a spherical
shape, a significant number of them had more irreg-
ular shapes. These Lewy bodies were mainly found
in deep cortical layers. The cdk5 immunoreactivity of
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Figure 2. Immunolabeling on adjacent tissue sections (temporal cortex) in DLBD with the C-8 antibody to cdk5 (A) and the AT180 antibody to
phosphorylated tau (B). The Leuy bodies (small arrows in A) are labeled by the cdk5 antibody but not by the AT180 antibody, whereas neurofibrillary
tangles (arrow in B) and neuropil threads (arrowheads in B) are labeled by the AT180 antibody but not by the cdk5 antibody. Scale bar, 100 ,um.

Lewy bodies was observed only after proteolytic
treatment of tissue sections and was strong in
methacarn-fixed tissue but much weaker in formalin-
fixed tissue. The H-291 antibody to cdk5 also labeled
Lewy bodies although more weakly than the C-8
anti-cdk5 antibody (not shown).

Brainstem-type Lewy bodies in the substantia nigra
and the locus coeruleus were also labeled by the an-
tibodies to cdk5 in DLBD (Figure 3, A-E) and in Par-
kinson's disease (Figure 3F). The peripheral zone of
brainstem-type Lewy bodies was often more strongly
labeled than the inner core, the halo being weakly or
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Figure 4. Immunolabeling on adjacent tissue sections (temporal cortex) in DLBD with the C-8 antibody to cdk5 (A) or with the same antibody
preabsorbed with the cdkSpeptide (B). The labeling ofLeuy bodies (arrowheads in A) is abolished after absorption ofthe cdk5 antibody. Scale bar,
100 p.m.

not labeled. Some brainstem-type Lewy bodies
showed a homogeneous labeling. Pale bodies were

weakly labeled by the cdk5 antibodies (Figure 3E).
The anti-ERK-1 and the anti-cdc2p34 antibodies did

not label Lewy bodies. The anti-ERK-1 antibody la-
beled the perikarya of many small pyramidal neurons,
mainly in cortical layers 11 and 111, as reported in a

previous study.29 After proteolytic treatment, the anti-
cdc2p34 antibody weakly labeled nuclei of neuronal
and non-neuronal cells in a speckled manner; an im-
munoreactivity for cdc2p34 or a cdc2p34 homologue
in nuclei of neurons and glial cells in adult mice has
been recently observed,30 although this immunoreac-
tivity was located in the nucleoli of these cells.

Immunocytochemical Controls
The preabsorption of the C-8 antibody to cdk5 with
the cdk5 peptide abolished the labeling of Lewy

bodies (Figure 4). The preabsorption of cdk5 anti-
bodies with ubiquitin did not decrease this staining
whereas the labeling with the anti-ubiquitin anti-
serum was dramatically decreased by preabsorption
with ubiquitin. No staining was observed when the
IgGs purified from a nonimmune serum instead of
cdk5 antibodies were used in the immunolabeling
procedure.

Comparison of cdk5 and Ubiquitin
Imunoreactivities of Lewy Bodies
In DLBD cases, the comparison of adjacent sections
of temporal cortex labeled with ubiquitin or cdk5
antibodies showed that ubiquitin- and cdk5-immuno-
reactive Lewy bodies were found in the same cortical
layers. The double immunolabeling demonstrated
that most if not all ubiquitin-positive Lewy bodies

Figure 3. Immunolabeling with the C-8antibody to cdk5 in substantia nigra in DLBD(A-E) and in Parkinson's disease (F). cdk5-positiveLewy bodies
shou' a homogeneously and strongly labeled core (A and D), sometimes with a weakly labeled halo (A), or a strongly labeled peripheral rim with a
less intensely labeled core (B, C, and F). Pale bodies (E) in pigmentced neurons are weakly labeled. Scale bar, 20 p.m.

Azi
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Figure 5. Immunoblotting ofthe Si fraction (lanes 1, 2, and 3) and the P1 fraction (lanes 4, 5, and 6) ofbrain homogenates (temporal cortex)from
a control subject (lanes 1 and 4), a patient with Alzbeimer's disease (lanes 2 and 5), and a patient with DLBD (lanes 3 and 6). The blot with lanes
1 to 6 was incubated with the C-8 antibody to cdk5. Lanes 7 and 8 are blots of the S1 (lane 7) and P1 (lane 8) fractionsfrom a control subject
incubated only with the detection system. Each lane was loaded with 100 jig ofproteins. The lane M shows the position of molecular mass markers
(the numbers on the left refer to their molecular mass in kilodaltons), ie, from top to bottom are phosphorylase b, catalase, alcohol debydrogenase,
and carbonic anhydrase.

were also cdk5 immunoreactive; this was observed
as well by the two procedures of double immunola-
beling (Figure 1). Generally, a complete overlap be-
tween ubiquitin and cdk5 immunoreactivities in Lewy
bodies was observed. In two DLBD patients, the
number of ubiquitin- and cdk5-immunoreactive Lewy
bodies were counted on two adjacent sections of the
temporal cortex. The labeled Lewy bodies were

counted in the same microscopic field correspond-
ing to a length of 13.5 mm of cortical ribbon. In the
first DLBD case, the numbers of cdk5- and ubiquitin-
positive Lewy bodies were 140 and 122, respec-

tively; in the second case, the numbers of cdk5- and
ubiquitin-positive Lewy bodies were 45 and 43, re-

spectively. In DLBD patients, ubiquitin-immunoreac-
tive dystrophic neurites were also observed in the
CA2/3 region, as reported previously31; these neu-

rites were not labeled by the cdk5 antibodies.

Absence of Labeling of Lewy Bodies with
Antibodies to Phosphorylated Tau

Cortical and brainstem-type Lewy bodies were not la-
beled by the antibodies AT8, AT180, or AT270 antibod-
ies to phosphorylated tau. These antibodies, however,
labeled neurofibrillary tangles, neuropil threads, and

neuritic plaques in patients with Alzheimer's disease
and in the DLBD case showing a moderate number of
neurofibrillary lesions (Figure 2B).

Immunoblot Detection of cdk5 in Human
Brain
The two rabbit affinity-purified antibodies (C-8 and
H-291) to cdk5 labeled a single species with an
apparent molecular mass of 33 kd in human brain
homogenates (Figure 5). Other bands detected at
higher molecular mass correspond to a nonspecific
labeling by the detection system (eg, of biotinylated
proteins), as they were also present when the pri-
mary antibody was omitted. The cdk5 species was
much more abundant in the insoluble fraction (P1)
than in the soluble fraction (Si) of brain homoge-
nates. For a similar loading of proteins, the intensity
of labeling of the cdk5 species was similar in control,
in DLBD, and in Alzheimer's disease.

Discussion
In this study, we observed that Lewy bodies were
consistently labeled by antibodies to the protein ki-
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nase cdk5; cdk5-positive Lewy bodies were as nu-
merous as ubiquitin-positive Lewy bodies, and the
cdk5 immunoreactivity was co-localized with the
ubiquitin immunoreactivity in Lewy bodies. As ubiq-
uitin immunoreactivity is considered a robust marker
of Lewy bodies, allowing the detection of most if not
all of them, this suggests that the majority of Lewy
bodies were cdk5 positive. This cdk5 immunoreac-
tivity most probably does not result from a nonspe-
cific labeling as it was abolished by preabsorption
by the corresponding antigen. Also this labeling
does not seem to result from a cross-reactivity with
another protein species present in human brain, as
the cdk5 antibodies reacted only with a species of 33
kd on Western blots, ie, the reported molecular mass
of cdk5.32'33
The cdc2 and cdc2-related kinases, designated

as cyclin-dependent kinases on the basis of their
requirement for association with regulatory subunits
known as cyclins, are known to play a key role in the
regulation of the cell cycle.34 36 cdk5 is a protein
serine/threonine kinase that has been found to share
high homology with cdc2 and cdc2-related kinases.
However, contrary to cdc2 and cdk2, which are
abundant during brain development and are weakly
expressed in the adult brain, the expression of cdk5
increases during brain development and is maximal
in the adult brain.33 cdk5 was also reported to be
expressed and active in differentiated neurons,33'36
whereas cdc2 kinase is abundant in neuroblasts and
dividing precursors.25'33
The presence of a strong cdk5 immunoreactivity in

Lewy bodies suggests that this protein kinase might
be responsible for the phosphorylation of molecular
components of Lewy bodies. Neurofilament proteins
are considered as the main building blocks of Lewy
bodies, and phosphorylated neurofilament epitopes
have been repeatedly detected in Lewy bodies. Re-
cently, a biochemical analysis of isolated Lewy bod-
ies showed them to be composed of a main protein
species of 68 kd, immunoreactive with antibodies to
phosphorylated neurofilaments.37 It seems thus rea-
sonable to speculate that cdk5 might be involved in
the phosphorylation of neurofilament in Lewy bodies.
Actually, cdk5 purified from bovine brain has been
reported to phosphorylate the 200-kd neurofilament
protein NF-H in vitro.32 We also observed that cdk5
was more abundant in the particulate fraction (ie, in
a fraction rich in neurofilaments) than in the soluble
fraction of brain homogenates. Interestingly, most
subcortical Lewy bodies showed a peripheral label-
ing with the cdk5 antibody. A similar staining pattern
has been observed with antibodies to tail domains of
NF-M and NF-H,8 containing the multiphos-

phorylation repeats. This suggests that cdk5 might
be concentrated in the peripheral zone of the
Lewy-body-containing phosphorylation domains of
neurofilaments. Additional studies, eg, of isolated
Lewy bodies, will be necessary to establish whether
cdk5 is an integral component of Lewy bodies. How-
ever, if cdk5 is loosely associated with Lewy bodies,
the enzyme might not co-purify with them.

The role of phosphorylation in the initiation of Lewy
body formation is unknown. Pale bodies, considered
as potential precursors of Lewy bodies, have been
reported to be neurofilament and ubiquitin immuno-
reactive.38 Pale bodies were also labeled by the
anti-cdk5 antibody, thus suggesting that this enzyme
might be already present in Lewy bodies at their
early stage of formation.

It should be pointed out that detection of a cdk5
immunoreactivity in Lewy bodies does not allow one
to infer that this enzyme is in an active state. The
activation of cdk5 needs its association with a regu-
latory subunit35 called p35,39'40 as is the case for
cdc2 and cdk2, the activation of which depends on
their binding to cyclins. The p35 regulatory subunit,
like cdk5, seems to be highly expressed in post-
mitotic neurons.3940
The weak cdk5 immunoreactivity in normal cells

and even in cytoplasmic areas adjacent to Lewy
bodies contrasts with the strong cdk5 immunoreac-
tivity in Lewy bodies. This strong labeling can result
from a high focal concentration of this enzyme in
Lewy bodies or can be secondary to a trapping
phenomenon. Alternatively, a differential sensitivity
to fixation of normal or Lewy-body-associated cdk5
epitopes (as observed for normal tau versus PHF-tau
in neurofibrillary tangles) might explain the intense
staining of Lewy bodies. Although the two anti-cdk5
antibodies labeled Lewy bodies, the labeling was
stronger with the anti-peptide antibody raised to a
sequence mapping at the carboxy terminus of cdk5,
possibly indicating that only a fragment of cdk5 is
present in Lewy bodies.

By Western blot analysis of cortical samples, we
did not observe major differences in the level of cdk5
expression between DLBD cases, Alzheimer cases,
and controls. The strong cdk5 immunoreactivity of
Lewy bodies might thus result from a redistribution of
this enzyme in cells containing these inclusions. Al-
ternatively, a moderate change in cdk5 expression
couild occur in neurons containing Lewy bodies but
would not be detected by global analysis of a corti-
cal tissue sample, as many neurons in the cortex do
not contain Lewy bodies.

Other protein kinases might also be involved in the
phosphorylation of Lewy body components; eg, a
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labeling of Lewy bodies with antibodies to the calci-
um/calmodulin-dependent protein kinase 11 has pre-
viously been reported.41 Our results, however, point
to the presence of a selective kinase in Lewy bodies
as these inclusions were not labeled by antibodies to
the cdc2p34 kinase or to the ERK-1 kinase in our
conditions of tissue processing.

PHF-tau species are highly phosphorylated tau
species found in paired helical filaments in Alzhei-
mer's disease, and many phosphorylated sites on
tau molecules can be generated in vitro by several
protein kinases with serine/threonine specificities
such as extracellular regulated kinases,4244 GSK3I3
kinase (also called tau protein kinase 1),4546 and
cdk5 (also called tau protein kinase 11).47-49 Specific
phosphorylation sites on the tau molecules can be
recognized by phosphorylation-sensitive antibodies,
such as the AT8, AT180, and AT270 antibodies used
in this study.26,27 Lewy bodies were not labeled by
these phosphorylation-sensitive antibodies, sug-
gesting that phosphorylated tau is not present in
these inclusions. An absence of tau immunoreactiv-
ity in Lewy bodies had also been reported in
most,14'15 but not all,50 previous studies. These im-
munocytochemical results are in agreement with bio-
chemical studies showing that only a weak level of
phosphorylated tau species, by comparison with Alz-
heimer's disease, could be detected in DLBD.51
Some antibodies to phosphorylated neurofilament
label both neurofibrillary tangles and Lewy bodies,
most probably because these antibodies recognize
phosphorylated epitopes shared by tau and neuro-
filament proteins (eg, the KSPV sequences).5257

In conclusion, the present immunocytochemical
study provides evidence for a selective concentra-
tion of the protein kinase cdk5 in Lewy bodies. This
observation suggests that cdk5 might be an enzyme
involved in the generation of abnormally phosphory-
lated molecules in neurons developing Lewy bodies.
Additional studies will, however, be necessary to
confirm by other methods the presence of cdk5 or a
fragment of it in Lewy bodies and to determine
whether the kinase is enzymatically active in these
inclusions.
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